This paper questions the potential shift of reproduction towards assisted reproductive technologies due to benefits provided by genetic manipulation of embryos. In order to examine the viability of such a shift and its implications from a regulatory perspective, we relied on two panels of experts from Israel and Spain, using the Delphi method and a series of in-depth interviews. We anticipate, at a first stage, a continuous-steady growth in the use of IVF, supplemented by preimplantation genetic diagnosis and the introduction of CRISPR/Cas. At a second stage, attracting a growing share of fertile people would require developments in genomics. While it is unclear whether these developments will fully materialize, they could be replaced by technoscientific imaginaries generating perceived benefits. We conclude that the regulation of reproductive genetics is becoming more critical and complex. The aim should be to ensure good practices and equity, while providing more information to the public. A broad and inclusive societal debate may overcome the difficulty of drawing a clear line between medical uses and non-medical uses of genetic selection and engineering and may contribute to finding the right balance between allowing autonomous decisions of patients and protecting the public interest.
Introduction
Louis Brown's birth in 1978 was the first successful In-Vitro Fertilization (IVF) for human reproduction, following 30 years of attempts. Since then, IVF has remarkably improved, providing solutions to an increasing number of pathologies of infertility. IVF is increasingly complemented through embryo selection by Preimplantation Genetic Diagnosis (PGD), available since 1990, and particularly by Delphi is a widely used qualitative method for forecasting, assessment and decision making regarding complex problems, built on a panel of experts who contribute with their knowledge and experience (Landeta et al., 2008) . It is conducted with controlled feedback following a two-rounds survey, which allows experts to change their replies or add comments after learning the general views (Landeta & Barrutia, 2011; Von der Gracht, 2012) . Our Delphi panels included experts from various fields and aimed to simulate bioethics committees as those typically advising the regulatory processes.
Israel and Spain are among the most active ART industries in the world. In 2014, Spain was practicing the largest number of IVF cycles in Europe and a third of the continent's PGD procedures (ESHRE, 2018) .
Israel had the highest number of IVF cycles worldwide in relative terms (Health Ministry of Israel, 2018) .
Both are holding a very liberal RGS legislation, leading them to conduct venturesome PGD practices (Pavone & Arias, 2012; Zuckerman et al., 2017; ESHRE 2018) . Nevertheless, there are significant institutional and cultural differences between both countries, which influence their ethical conceptions towards ART and their regulation. Thus, these countries provide fertile ground for a comparative study concerning the geneticization of reproduction.
Building on inputs from Delphi surveys and interviews, and grounded on a previous technology forecast based on a panel of physicians (Alon et al., 2019) , we discuss the potential trajectories for the diffusion of ART, and present different scenarios which may assist in building up some anticipatory competence to enhance the regulatory process (Brown & Michael, 2003; Borup et al., 2006; Harmon, 2016) . This paper also contributes to broader studies on the diffusion of innovation, in particular to the strand of the literature that relies on qualitative methods to evaluate health and innovation policy by jointly considering supply, demand, regulation and the interactions among them (Nemet, 2009; Hammarberg et al., 2016) .
The geneticization of reproduction
The geneticization of reproduction requires a significant increase in the scope of disorders treated by RGS. It involves a shift in the focus of genetic testing, from diagnosing monogenic disorders of early-onset and high level of penetrance (such as cystic fibrosis and sickle cell anemia), towards addressing less severe disorders of later onset and partial penetrance level (such as most metabolic, cardiovascular, cancerous and neurological diseases) (Klitzman, 2008; Batzer & Ravitsky, 2009) . Nowadays, PGD is already used for some polygenic diseases of late-onset and partial penetrance, such as neurodegenerative disorders and hereditary cancer (Altarescu et al., 2015; Dagan et al., 2017) . Further diffusion of RGS would largely depend on their capacity to deliver enhanced children whose health is easier (and cheaper) to maintain (Greely, 2016; Knoepfler 2016) .
Expectations, imaginaries, and fears occupy a pivotal role in the innovation process by shaping its potential (Brown & Michael, 2003; Borup et al., 2006) . Several authors have expressed high expectations regarding RGS in terms of human enhancement (Harris, 2007; Murphy, 2014) . Conversely, intense preoccupations have been expressed concerning these technologies; particularly regarding undesirable collateral effects leading to epigenetic implications and future health consequences to those who descent from ART and their future generations (ESHRE, 2014; Fauser et al., 2014; Nuffield Council on Bioethics, 2018) .
Moreover, it has been argued that the geneticization of reproduction would reduce human diversity and might lead to modern eugenics, i.e., the desire to enhance society with stronger, smarter and "better" people (Lippman, 1991; Garland-Thomson, 2015) , resulting in social inequalities and discrimination (Buchanan et al., 2000; Fukuyama, 2002; Sandel, 2004) . Furthermore, Silver (1997) has suggested that, in a distant future, a "geneticization arms race" could lead to polarization of society. Privileged societal groups would evolve so far through genetic enhancement that, at a certain point, the "gen-rich" groups would completely lose interest in mixing or sharing anything with the "regular" people.
From a more philosophical stance, the ambition to design children has been criticized as weakening instead of empowering, since by imposing our desires and beliefs on future generations, we would undermine their autonomy and deny their right for an open future (Ramsey, 1972; Jonas, 1984; Fukuyama, 2002; Habermas, 2003; Sandel, 2004) . As anticipated by Lewis (1947, p. 37-39) : "The final stage is come when Man by eugenics, by pre-natal conditioning (…) has obtained full control over himself. Human nature will be the last part of nature to surrender to Man. The battle will indeed be won. But who, precisely, will have won it?" Nevertheless, at least three conditions must be met for further diffusion of RGS, which might materialize these extreme scenarios. First, technological developments ought to make IVF safer, more comfortable, and efficient. Second, RGS must introduce real or perceived medical or non-medical benefits in order to persuade the public to substitute natural reproduction. Third, regulations should be set in alignment with these developments and allow a broader portfolio of RGS.
Diffusion of innovation is a multi-cycle, two-way process of communication between different agents in society (Rogers, 1983) , and often described as an interaction between supply and demand (Nemet, 5 2009; Di Stefano et al., 2012) . In the case of health technologies, Beck-Gernsheim (2000) describes a "spiral-shaped" process where technology is an effect and a cause simultaneously, stressing the influence of technology on values and needs. The relationship between regulation and innovation is neither static nor single-directional but instead reciprocal, since regulation affects innovation and, in turn, its outcomes create new conditions to be regulated (Paraskevopoulou, 2012) . Innovation also alters the social values upon which regulation is based (Beck-Gernsheim, 2000) . Furthermore, the "dual-process" theory enables us to distinguish between two cognitive routes shaping technology diffusion: "systematic processing", that relates to the conscious and observable improvement in outcomes (i.e. healthier babies), and "heuristic processing", which relates to the unconscious (i.e. the formation of social imaginaries created by desires and expectations) (Rommetveit, 2011; Jiahua et al., 2016; Tarkkala et al., 2018) . The rest of this section develops a framework for analyzing the diffusion of ART from the supply, demand, and regulatory perspectives, as sketched in Figure 1 . 
Technical factors
In four decades, IVF has improved substantially, offering solutions to infertile couples, single women, same-sex couples, carriers of genetic disorders, and patients with a need or desire to preserve their gametes. For more far-reaching medicalization of human reproduction, IVF combined with RGS should enable to produce "healthier" children than natural reproduction. Nevertheless, such developments face some technical and social barriers.
IVF cycles begin with controlled ovarian hyperstimulation, a process which bears several health risks and inconveniences (La Marca & Sunkara, 2014) . It enables the ovaries to produce several eggs (with significant disparities between patient and cycles), which are then extracted (Cai et al., 2011) .
Subsequently, the retrieved eggs are fertilized by placing them in semen for fertilization to take place, or by injecting a single spermatozoon, directly into the cytoplasm of each egg thru intracytoplasmic sperm injection, which is used for the majority of IVF cycles in the U.S. and Europe (CDC, 2018; ESHRE, 2018) .
Only a part of these eggs become embryos available to be transferred to the uterus. According to different national registries, IVF is currently producing, on average, around 30% birth rates per cycle with nondonor eggs for women younger than 35 years, while success rates decrease in more advanced age groups (SEF, 2016; CDC, 2018) . According to experts, we may expect significant growth in these rates, up to 50% within 20 years, due to improvements in methods of embryo selection, incubation, laboratory conditions and quality control (Alon et al., 2019) .
The addition of PGD requires extracting DNA from a biopsy taken from each embryo before implantation, which is then diagnosed for pre-identified mutations. Currently, PGD requires an extensive pre-study of family members to identify a single mutation associated with a severe disorder (Altarescu et al., 2015) , which constitutes a labor-intensive, customized procedure (Wang, 2014; Swanson et al., 2007) .
In recent years, next-generation sequencing has been introduced, potentially allowing to infer the full genome sequence of every embryo in a more efficient manner (Nuffield Council on Bioethics, 2018).
Nevertheless, PGD exposes the embryos to some additional risks, since a biopsy is an invasive procedure involving extracting cells from the embryo, and it also demands to leave the embryo longer in the incubator until a biopsy may be extracted.
Biopsies can also be used for PGS, a global quantitative analysis of the entire genome which serves to detect and transfer only euploid embryos (i.e., without chromosomal structure anomalies). This procedure assumes that an euploid embryo has better chances to develop into a fetus and a healthy baby (Lu et al., 2016; Casper et al., 2017) . PGD cycles represent a minor share of all IVF cycles, while PGS is more commonly used and mainly offered to patients of advanced age whose eggs tend to have higher levels of aneuploidy.
Next-generation sequencing also enables whole-exome sequencing. The exome makes up only 1.5% of the whole genome, but it contains all protein-coding genes. It has been estimated that more than 10,000 monogenic disorders affect around one percent of humans at birth, and about two percent of couples carry a single gene variation that could result in a child with a severe genetic disorder (Aslamkhan, 2015; Babar, 2017; Nuffield Council on Bioethics, 2018) . However, the detection pace of new monogenic disorders is declining while, in contrast, detection pace of polygenic disorders and multifactorial traits, which affect a much larger share of the population, is increasing (Nuffield Council on Bioethics, 2018;
Second International Summit on Human Genome Editing, 2018a). It means that, with further developments in genomics, we may expect a higher utility of PGD, although according to experts, it will primarily be related to elderly diseases which are mainly multifactorial (Alon et al., 2019) .
Performing an "expanded PGD" for various complex polygenic or multifactorial disorders would require a dramatic increase in the number of fertilized eggs, to enable detecting a "perfect" embryo. It will demand patients to overgone many more cycles and expose them to increased medical risks. Some experts suggest that such an abundant supply of eggs could be attained by stem-cells derived gametes (Shulman & Bostrom, 2014; Greely, 2016) , but this is yet an unclear technological enhancement. Overall, expert geneticists and gynecologists have shown low expectations for significant technological advances in eggs retrieval in the next two decades (Alon et al., 2019) .
Alternatively, advances in GE, and mainly the introduction of CRISPR/Cas, may enable a much broader manipulation of human genetic traits. Developed in 2012, CRISPR/Cas is a simple, low-cost tool for gene editing which enables to cut strands of DNA. With CRISPR/Cas only a few embryos would be required, and for each embryo, various DNA fragments could be edited. However, CRISPR/Cas is still an emerging technology subject to considerable uncertainty. Germline modification carries significant risks of unintended side effects, which remain unclear. Moreover, once a gene edit is introduced, there is currently no method to remove it (Evitt et al., 2015; Nuffield Council on Bioethics, 2018; van Dijke et al., 2018) .
Lastly, despite the expected technological improvements in IVF, implanting an embryo in the uterus is not a guarantee for success. Therefore, following the use of PGD or CRISPR/Cas, transferring the selected or designed embryo into the uterus will provide no promises of live birth.
Demand for ART
IVF births already approximate or exceed 5% of the total in several countries (SEF, 2016; ESHRE, 2018; Health Ministry of Israel, 2018) . It has been fueled by the prevalence of infertility, which currently affects 10-15% of the human population (Agarwal et al., 2015; ASRM, 2015) and has been rising due to environmental hazards and unhealthy lifestyles (Inhorn & Patrizio, 2015; Sobotka, 2016) . Notably, the rise in the average age of parenthood has been framed as a risk factor (Pavone, 2010) , increasing the popularity of embryo selection by PGD/PGS, which already accounted for 22% of IVF cycles in the U.S. in 2016. According to different estimations, infertility affects 10-15% of the human population (Agarwal et al., 2015; ASRM, 2015) . Moreover, the use of ART for social reasons has gained public consent in many countries, expanding the demand from women beyond the age of fertility (by egg donation or by eggs cryopreservation), single women and same-sex couples.
Nonetheless, most people are fertile, tend to reproduce early enough, carry no significant genetic disorders, and settle for prenatal genetic testing to avoid the birth of children with severe disorders.
Would demand then face a glass ceiling? For further diffusion, ART must address new channels of demand.
On top of the facilitation of treatment, improvements in RGS must bring along promises of significant benefits to the public. Proven health benefits concerning less severe polygenetic disorders and diseases (which appear at a lesser level of penetrance, with later onset, and affect a much larger share of the human population), would constitute the conscious aspect of this dual process. However, such benefits could take a long time to be demonstrated, if at all. Therefore, at the unconscious facet of the dual-process stands the creation of socio-technical imaginaries induced by market forces, which may breed desires, expectations and new perceptions of health benefits that would in turn develop into needs and requirements, and later into parental and social responsibilities (Rommetveit, 2011; Tarkkala et al., 2018) .
Recent demand forecasts (Alon et al., 2019) suggest that within 20 years, the percentage of IVF births could reach more than 14% in Israel and Spain, mainly due to age-related infertility. Moreover, approximately 40% of IVF cycles could involve PGD, meaning that, while it might not be the primary factor inducing the demand for IVF, PGD would become a very common add-on to treatments.
Regulation
Embryo selection by PGD began as a very controversial technology, raising ethical concerns regarding the deliberate waste of human embryos, the "playing God" argument, and the risk of a "slippery slope" (Zuckerman et al., 2017) . Nevertheless, PGD has been progressively gaining consent, as it allows parents carrying genetic disorders to bring a healthy child into the world, while many seek such solution following the birth of a child affected with a severe genetic disorder. After all, PGD saves a great deal of emotional and financial resources associated with caring for a child with a "life not worth living", i.e., with very short life expectancy, intense medical care demands, and very low quality of life (Buchanan et al., 2000) .
In most countries, PGD is highly regulated and practiced in accordance with the characteristics of genetic conditions under diagnosis (the severity of the disorder, monogenic or polygenic, early or late onset, high or low level of penetrance, curable or non-curable). Originally, PGD was used mainly for severe, non-curable monogenic disorders of full penetrance and early onset. However, RGS evolves following a spiral-shaped process, whereby values and needs boost the development of technology and its cultural acceptance, while technological change redefines values and needs (Beck-Gernsheim 2000) .
At first, the use of PGD to avoid the birth of a child with an extremely short life expectancy was easily justified. Later, its success increased the level of public consent also in less extreme scenarios, and the availability of the technology has produced higher acceptance to use it for a growing set of disorders. In a previous study, although most experts supported many sorts of PGD, they drew a clear red line only between medical and non-medical uses of the procedure, showing a strong opposition against applications of RGS to identify and select physical or cognitive traits (Alon et al., 2019) . Nevertheless, PGS is also gaining medical justification and social consent, thus becoming more frequently practiced in order to increase IVF success rates (Batzer & Ravitsky, 2009; Pavone & Arias, 2012) .
Moreover, at the next step of RGS, CRISPR/Cas could provide a more efficient and effective solution.
Trials on human embryos have been a growing success, but there is a "tacitly agreed" temporary moratorium on implanting genetically edited embryos into the uterus (Evitt et al., 2015) . This consensus, however, was recently broken unexpectedly by one researcher in China, with uncertain consequences (Krimsky, 2019) . Following this event, discussions at the 2 nd International Summit on Human Genome Editing, concluded that three conditions are required to approve the use of CRISPR/Cas on human embryos: (1) scientific rationale (medical justification), (2) safety and (3) social acceptance (Second International Summit on Human Genome Editing, 2018b), which currently are not fulfilled.
Methods
We conducted a Delphi consultation with a panel of experts from different fields related to ART, simulating two typical advisory committees (from Israel and Spain). We began by conducting semi-structured personal interviews with 29 experts to assist in building a Delphi questionnaire. These interviews also served to gather broader qualitative insights and to detect more participants based on recommendations by the interviewees, propitiating a "snowball" effect (Ribeiro & Quintanilla, 2015) .
Participants were selected based on their skills, experience, and unique contribution to public discourse (Lock, 1990) . For this purpose, we consulted members' lists of the Spanish bioethics committee, and the latest (2012) government appointed Israeli "Mor-Yosef" committee (since in Israel advisory committees are occasionally appointed). The panel included 18 Israelis and 18 Spaniards, 21 women and 15 men. We selected experts of a multidisciplinary character as common in bioethics committees (see Bagheri et al., 2016; Gomes de Oliveira et al., 2017) . All experts had interest in the ethical debate and their careers were dedicated to ART from the fields of medicine (12), law and bioethics (7), public health (5), psychology (3), biology (2), philosophy (2), economics (2), epidemiology (1), theology (1) and journalism (1).
The questionnaire dealt with general attitudes towards regulations, and with specific practices of RGS.
It was based on 10-point scale questions and was complemented with open spaces for comments. The Delphi survey was limited to two rounds regardless of the degree of consensus achieved (measured by the coefficient of variation/standard deviation), a methodologically sound practice (Von der Gracht, 2012; Dayé, 2018) . Between the rounds, we highlighted for each expert those answers which significantly differed from the central tendencies and asked regarding inconsistencies or substantial deviation from the group, using controlled feedback (Landeta et al., 2008; Skirton et al., 2013) . The participants were offered the option to change their replies or add explanatory comments regarding their deviant positions.
This method provides either consensus or qualitative insights to explain dissensus, which may assist in constructing alternative scenarios (Landeta & Barrutia, 2011; Melander, 2018) .
Results

General attitudes towards regulations
Focusing on the spiral-shaped process of RGS, we introduced four different statements and asked the panels to mark their level of support (from 1 -completely opposing-to 10 -completely supporting-). The answers are shown in Table 1 . The experts did not support the liberalization of RGS. Although most supported the promotion of PGD to minimize future genetic diseases, they also believed that regulation should reduce unexpected risks.
As stated by one of the interviewees:
"In the long run, we may find that by trying to prevent cancer by PGD, we increased the incidence of other cancers or malformations (exposing the fertilized egg to laboratory conditions). Not enough years have passed to make us confident in the safety of these techniques."
Some experts marked the importance of reducing asymmetric information, emphasizing that the technology is very sophisticated, and the public is not familiar with all its implications:
"Regulation should ensure safe and evidence-based services, make sure the offer of PGD is accompanied by appropriate counseling, and that the important decision to perform IVF for the sake of PGD is fully informed and free of pressure".
"We should prevent society from falling into the false belief that RGS assures 100% healthy offspring (…) we should not fall into genetic determinism when many other factors can influence people's health".
Although most experts supported regulating the field, some advocated the consideration of personal autonomy as much as possible, urging to "avoid heavy-handed regulation of PGD and leave the reproductive decision making to women and couples, based on a principle of reproductive autonomy".
However, it was also stated that "patients' choice and their consent for therapies should take place within a normative framework and a public health system. Therefore, the freedom of choice cannot be total".
The experts opposed revealing gender upon performing PGD. Comments emphasized the fear that allowing it would turn every PGD into a sex-selection. In contrast, PGD as an add-on to IVF was approved by the panels (more strongly by the Israeli), which underlined again the priority given to preventing medical disorders. Several experts raised the slippery-slope argument in their open comments:
"The definition of 'a range of disorders' is very vague… where will it lead us? Where are the boundaries?"; "Why for a variety of genetic diseases rather than genetic anticipation or nextgeneration sequencing?"
"The process of selecting 'perfect' embryos occurs gradually, and we become accustomed to the idea so that later it will seem natural to prevent the birth of infants with treatable diseases or even traits that we have no reason to prevent".
Finally, the experts were doubtful regarding the ability to stretch a line between PGD and PGS in case the latter becomes an official add-on to IVF. In the words of one of the experts: "There is a regulatory weakness in this regard because the line is very loose. Where settings are not sharp, regulation will lose...". Table 2 presents experts' attitudes towards specific applications of RGS. We distinguish three different levels of consent: strong support, mild support, and disapproval, each marked with a different color in the table. 
Regulation of specific practices of RGS
Strong support (green zone)
The experts strongly supported, with a high level of consensus, the use of PGD for monogenic disorders of a high level of penetrance either with early or late onset. However, there was a lower consensus regarding the use of PGD for disorders of medium level of penetrance (including many cancerous diseases), with the Spanish panel expressing stronger support than the Israeli. Despite the lack of consensus, both panels tended to support allowing and funding it. As stressed by one interviewee: "We are not talking here about curable diseases. Some genetic disorders of 'medium level of penetrance' are in practice devastating cancers which may affect various family members".
Experts mostly supported the coverage of PGD by the public system in order to avoid health inequalities and guarantee fair and inclusive access to the services.
Mild support (grey zone)
The panel displayed less consensus regarding four contested categories for which health benefits are not yet clear. First, concerning CRISPR/Cas for germline editing, we presented the panel with a specific case referring to a severe disorder of early-onset and high level of penetrance where PGD cannot be delivered due to a shortage of eggs/embryos. The panel expressed reasonable support in this case, and the main preoccupations were about safety, beneficence principle, efficiency, and low cost. The slipperyslope argument was not raised.
Second, with respect to PGS for chromosomal abnormalities, some experts emphasized the undemonstrated usefulness or cost-effectiveness of the technique. For example, one interviewee argued that "PGS is contraindicated in the following cases: advanced maternal age, early ovarian failure, low response, poor embryo quality, severe male factor, and more". Other experts expressed preoccupation regarding the increased use of PGS, claiming that it is occasionally offered as an add-on to IVF cycles, increasing the financial burden on patients only to produce gains to private clinics.
Third, regarding PGD for multifactorial diseases, the experts distinguished between diseases for which there is a genetic cause with a reliable diagnosis, where PGD should be allowed and financed and other multifactorial diseases which cannot yet be diagnosed by PGD and therefore should be strictly regulated.
One expert claimed that "there are no immediate perspectives that PGD contributes anything significant regarding disorders involving more than a single gene or when a larger number of factors cause a disease".
Fourth, the experts did not express high support for using PGD for whole-exome screening. Qualitative comments from interviews help understand these results:
"I reject the use of techniques that are not directly preventing or treating diseases, for which safety is not guaranteed or whose impact and consequences on the human species are yet unknown".
"The problem is that there will always be some suspicious mutations (although the emphasis will be given only to areas where there is a family history or where a gene for carriers has been identified), but if each finding were revealed to the patient, there would be no embryo remained to implant".
Differences between "allowing" and "funding" the procedures were noticed, as illustrated with the following quotes from our interviewees: "The public system, always with limited resources, should prioritize the financing of other health needs, rather than PGD for multifactorial diseases, which could lead to an uncontrollable demand".
"Allowing these procedures would enable autonomy for couples in decisions concerning their children's health. Another issue is financing these procedures with public funds when we have many other urgent priorities regarding health issues that are not subjected to probability."
Disapproval (red zone)
Finally, PGD for non-medical needs was discarded by the experts. As argued by one interviewee:
"The ethical boundary regarding the application of PGD should be between avoiding hazards and satisfying preference or choice of characters, simply according to the parent's preference and not for the future benefit of an individual. I can accept the application of scientific knowledge to avoid suffering but not to satisfy whims".
Nevertheless, a few comments from the panel were tolerant towards sex selection: "it should be considered in some particular cases (couples with few children of the same gender who are psychologically affected by the lack of offspring of the other gender)…it is not necessary to criminalize them"; and specifically, regarding Israel: "Sex selection in this area of the world is sometimes much more than merely 'social' and understandably allowed if having the 'wrong' sex baby might jeopardize either the mother or the baby".
Discussion
Despite the different cultural and institutional profiles of Israel and Spain, both panels converge in that any use of ART which is safe enough and provides significant health benefits should be approved. The experts awarded health and individual autonomy the highest importance, although they remained attentive to some potential social risks.
Based on the main results of the Delphi panels described in Section 4, supplemented by our previous research focused on technological forecasting (Alon et al., 2019) , we proceed to evaluate the extent of geneticization of human reproduction by presenting two foreseeable stages with two plausible scenarios at the second stage.
Stage 1. RGS as an add-on to IVF: This stage of geneticization is, to a great extent, already realized today in Israel and Spain. In the following decades improvements in IVF will resolve more pathologies of infertility. Demand for IVF will increase due to the postponement of parenthood, the rise of age-related infertility, and fertility preservation. Environmental factors, unhealthy lifestyles, the use of PGD, and elective uses of IVF will also spur demand (Alon et al., 2019) .
Meanwhile, PGS is already becoming a more standard add-on. In Spain, where the number of PGD/PGS cycles has tripled between 2010 and 2016, more than 80% of these cycles were referred to PGS (SEF, 2010; SEF, 2016) . Furthermore, biopsies extracted for PGS will increasingly be used also for PGD, which will enable detecting a wider variety of disorders; multifactorial, of later-onset, lower level of penetrance and even less severe expressions, providing higher accuracy and success rates (Lu et al., 2016) .
Later at this stage of diffusion, clinical GE of human embryos will be introduced, beginning with some cases where PGD fails to deliver. 1 Both panels were positive regarding the application of CRISPR/Cas in embryos for therapeutic means, following a further societal debate and a growing international consensus (see also Second International Summit on Human Genome Editing, 2018b; van Dijke et al., 2018) . Unless inappropriate use with disastrous results generates public mistrust in this technology, CRISPR/Cas will eventually be perceived as more practical and efficient than PGD. Nonetheless, it is likely to be a long and gradual process, and even after the first applications of CRISPR/Cas, preoccupations with safety and adverse effects will take time to dissolve.
Potentially, with CRISPR/Cas breaking through, a much wider variety of possibilities will be opened, from replacing whole genes to fixing aneuploid embryos, and even aimed at curing complex multifactorial diseases. CRISPR/Cas might be revolutionary or age defining, but it is yet early to measure the relative impact of genetic factors on the many characteristics that people may wish to influence. It is therefore hard to foresee the potential uses of genome editing, and it might as well be limited for an extended period to single-gene disorders and a few more conditions of limited complexity (Nuffield Council on Bioethics, 2018.
At the end of stage 1, 15-20% of births in these countries will be due to IVF, and about 40% of cycles will include RGS (Alon et al., 2019) . However, the use of RGS will still significantly benefit a limited share of the population (those with a medical history of hereditary diseases). Stage 2 -RGS for the mass: After maximizing the potential of ART as a solution to infertility, the only channel for further market growth will be RGS. However, the use of ART may carry risks for congenital damage, cancerous and cardiovascular diseases, developmental deficiencies, and cognitive disorders (Fauser et al., 2014; ESHRE, 2014) . Similar worries regarding CRISPR/Cas have been raised (Evitt et al., 2015) . Further evidence, proofing or refuting these concerns, will have significant weight on the second stage of diffusion since referring fertile couples with "good genes" to RGS will most likely be discarded in case high risks are perceived. At this point, we envision two divergent scenarios: a) A market for desires: New findings in genomics may enable expanded PGD and CRISPR/Cas for multifactorial diseases and traits. However, most children are healthy, and most people do not suffer severe health conditions during their early and mature lives. Driving the public to approach RGS could be done mostly by promising to deliver children who will be more resistant to elderly diseases, or by enabling the selection of physical and cognitive traits, which the panels strictly rejected. Therefore, for most people, the greatest advantage of extended PGD would be related to late-onset multifactorial diseases (Alon et al., 2019) .
Nonetheless, from a medical perspective, it may take a lifetime to prove benefits from an expanded PGD which aims at such diseases. It would also require follow-up throughout the adult lives of ART babies, a task with which scientists are already struggling today. In the meantime, evidence could be replaced by scientific speculations, beliefs, and expectations, with socio-technical imaginaries generating perceived benefits of geneticization.
Once physicians and patients are encouraged by supportive scientific evidence and regulators, become aligned, the second stage will kick-off. Competition between "embryo designers" will thrive, and the promise of a "perfect baby" will nourish the deepest desires of parents. RGS will ultimately turn into parental responsibility and end up as a social norm. b) A limited market: Alternatively, despite the many technological developments, the remarkable improvements in IVF outcome and the benefits of RGS, more than 80% of the people would not require ART. They are fertile, opt to give birth early enough, and find no specific motivations to seek a genetically selected or engineered baby. After all, we can expect improvements not only in reproductive medicine but also in other fields. Why should people approach ART despite the physical and financial burden, only to design a baby resistant to complex diseases which could be cured or even prevented in a more efficient way?
As explained previously, the share of the human population affected by monogenetic or relatively simple polygenetic disorders is quite limited (Aslamkhan, 2015; Babar, 2017) . If RGS aims at moving towards multifactorial diseases and traits, it will require a better understanding of the complex and flexible interaction between genomics, environmental factors, and epigenetic alterations. Multifactorial diseases also involve more cases of gene pleiotropy (i.e., when one gene controls the phenotype or expression of several unrelated traits) (Nuffield Council on Bioethics, 2018). These complications could place severe limitations to RGS, as we may finally comprehend and accept the falseness of genetic determinism. (Buchanan et al., 2000; Ravitsky, 2002; Pavone, 2010) .
Our work is not exempt from limitations. A Delphi panel selection always has a certain level of subjectivity: Our sample is not representative, nor exhaustive, and different experts may express distinct attitudes. Moreover, we selected countries which stand at an advanced stage of diffusion, have very pro-ART attitudes, and tend to nourish a comprehensive public healthcare system. Different results might be obtained from countries where there is a strong attachment to individualism and a free-market economy.
Nevertheless, the analysis introduced in this paper is compatible with recent literature (Pavone, 2010; Lu et al., 2016; Casper et al., 2017 ; Nuffield Council on Bioethics, 2018).
Conclusion
The medicalization of reproduction is a long and observable process, beginning with the growing practice of IVF, currently mainly driven by infertility. At this stage, RGS may be further introduced as an add-on, based on a dual process where, on the one hand, real outcomes are being produced and, on the other, imagined or uncertain outcomes are being perceived. After reaching a critical mass and generating more confidence, a second stage may arrive where genetic selection and engineering could become the market's main growth engine.
The geneticization of reproduction will therefore not result from a "moment of breakthrough" (Brown & Michael, 2003) in a particular research project, but rather from a spiral shaped-process, influenced by gradual technology advances, socio-technical expectations and imaginaries, and shifts in public values. In this process, regulation interacts with supply and demand, holding a key role in directing ART trajectories to the benefits of society.
Our empirical study in Israel and Spain unveils that the moral justification of using ART for infertility and prevention of genetic disorders stands firm. The consulted experts drew a line between medical uses and non-medical uses of RGS, but there is a significant grey-zone, which is likely to expand and complicate the regulator's task as new technological developments materialize. Particularly as the Spanish law leaves great room for future extension of the definition of genetic diseases (Pavone, 2010) , and Israel holds significant flexibility in this regard, having crucial decisions decentralized and handled by local committees in hospitals and clinics (Shalev & Hashiloni-Dolev, 2011) . At the first stage, the primary roles of regulation are to assure good practices and equity, correct information failures, and verify the collection of data to enable a more accurate follow-up and research. However, as evident from Israel, public policy may also promote the medicalization of reproduction by generously funding IVF cycles to support fertility rates.
Concerning the possibility to step into the second stage of diffusion, and given the weight assigned by experts to medical justification, if the benefits produced by RGS will be supported by evidence, the way towards further medicalization of reproduction will be paved. Although such a scenario may still be far, the ART industry might gradually seek to expand by promising those unproven benefits, as in the case of PGS today (Orvieto & Gleicher, 2016; Casper et al., 2017) .
This leads us to conclude that despite the large economic potential of the ART industry, regulators should aspire to slow down the medicalization process. It could be achieved by promoting the prevention of infertility and by better informing the public regarding infertility and ART outcomes to avoid excessive expectations (García et al., 2017; Fauser et al., 2019) . As ART is increasingly becoming a common way of reproduction, governments must enhance public awareness by disseminating clear information on its opportunities and risks.
Finally, as ART further develops, the importance of broad and inclusive international debate is growing.
We may greatly doubt whether regulations in Israel, Spain, or any other country are ready to welcome the stage of advanced RGS. In order to be better prepared, it is essential to enhance regulatory collaboration between countries, since state borders and national regulations will play a decreasing role at the second stage (see also Martin, 2014) . We should avoid "sleepwalking" into this process by allowing uncontrolled technological momentum (Nuffield Council on Bioethics, 2018). However, we should also prevent basing our ideology on outdated and misleading contexts. In other words, preventing RGS for non-medical reasons is not a total guarantee for stopping geneticization and, similarly, allowing patients to take autonomous decisions will not necessarily lead to social catastrophe. An open debate should address questions of freedom of choice and personal autonomy while being regularly updated according to the most realistic and accurate scientific context, to avoid falling into inflated hopes or dystopian theories.
